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Abstract 
During aiming, an archer holds the stretched bow while a small piece of metal - the clicker - presses the arrow lateral 
against the bow. At the end of the aiming phase, the archer pulls the arrow back until the clicker slips over the 
arrowhead and causes a click, and then the archer shoots. To investigate the precision of the timing of this motor 
program, an acoustic measurement system has been developed. The system is composed of a modular microphone 
(AKG C 480 B comb-ULS/61), and an external FireWire Audio Interface (Focusrite Saffire LE 24Bit / 96kHz). From 
the audio signal, the time of the clicker’s fall, the release of the shot and the hit of the target can be detected. Seven 
elite archers (two males, five female) performed 30 shots (ten ends of three arrows without any time limit) at 18 m 
indoors. Means and coefficients of variation (CV) were calculated from average speed and clicker time, i.e. the time 
between the click and the release of the shot. Forward stepwise multiple linear regression analysis was done to 
determine mean scores. CV of the clicker time accounted for 66% of the variability in scoring. A “leave-one-out” 
cross validation procedure revealed consistent estimate of the model (all corrected R² were in a range of 0.66 and 
0.75 with p<0.03). It has been shown that a highly precise timing in arrow release in terms of small CVs of clicker 
time is important for high mean scoring. 
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1. Introduction 
The process of shooting with a recurve bow (see Fig. 1) can be described as follows (see Fig. 2): The 
archer draws the bow, pulls the arrow to the clicker, fixes in this position and aims. Then he/she pulls the 
arrow through the clicker (the so called “final pull”) and releases the shot. From a biomechanical point of 
view, the archer has to cope with the breakdown of the static balance of forces between the external 
tension and his/her muscular forces at the time of shooting [1]. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Recurve bow and terminology 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. The middle part of a riser with the clicker in the process (A-C) of a shot. The clicker is a 5 cm long and 0.5 cm wide piece of 
spring steel that is fixed to the riser. In the process of a shot first the archer draws the bow holding the arrow between the bow and 
the clicker, so that the clicker presses the arrow lateral against the riser. During aiming the archer holds the stretched bow while the 
clicker presses the arrow lateral against the bow (A). At the end of the aiming phase the archer does the final pull: he/she pulls the 
arrow back until the clicker slips over the arrowhead and causes a click (B). Then the archer shoots by releasing his/her hand from 
the string and the arrow is accelerated (C) [2] 
The final pull and the release of the shot have been of interest in some earlier studies. In most cases, 
electromechanical devices were directly attached to the bow to detect the moments of clicker closure, 
arrow release, and contact-loss of the arrow with the bowstring with high temporal resolution [3-8], which 
is very time-consuming and complex to affix. Another approach was to fix an acceleration sensor at the 
bow riser detecting mechanical vibrations [1-2, 9]. 
Most authors report that the light sound of the click (as described in Fig. 2) is the stimulus for the 
archer to extend his or her pull fingers, which induces the release of the bowstring [3-8], and, moreover, 
having a quick reaction to the clicker’s fall (sound) is intended to be directly related with the performance 
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of the archer [10]. However, this is questioned by Edelmann-Nusser and Gollhofer [9] who investigated 
highly skilled archers from the German National Team under several experimental conditions (normal vs. 
extended shots, reaction tests, and lengthened arrows). They concluded that the motor program of 
shooting is initiated before the clicker can be heard and therefore can be classified as open-loop. If so, 
there is no possibility to adjust the movement of the release based on response-produced feedback. And if 
the motor program contains all the information needed to carry out the motor action, it is hypothesized 
that the precision, i.e. the repeatability or reproducibility of the motor program with respect to the timing 
process could be a performance indicator reflecting the ability of the motor system to carry out the 
specific task. 
Therefore, to overcome the problem of affixing technical devices to the bow for the analysis of the 
timing process during the release of the shot and to investigate the reproducibility of the motor program of 
release, an acoustic measurement system was developed and used. 
2. Methods 
2.1. Acoustic measurement system 
The acoustic measurement system consists of a modular microphone (AKG C 480 B comb-ULS/61), 
which is directly connected by a microphone cable (CME 220, CORDIAL) with XLR connectors to an 
external FireWire Audio Interface (Focusrite Saffire LE). The microphone is placed at face level about 
half a meter behind the archer in the direction to the source of sound (see Fig. 3a). After being digitized 
with 24Bit / 96kHz, the audio signal is transmitted to a laptop using a sound editor and recording software 
(Audacity). From the raw audio signal the following critical time events are detected: the time of the 
clicker’s fall (X), the release of the shot (Y), and the hit of the target (Z) (see Fig. 3b).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. (a) Measurement setup; (b) Critical timing events in the process (X-Z) of the shot. The archer pulls the arrow back until the 
clicker slips over the arrowhead and causes a click (X, coincides with B in Fig. 2). When the bow string is released, the limbs snap 
to their original shape transferring potential energy into acceleration of the arrow. At the end of this phase the limbs are reaching 
their original position causing a second sound event (Y). When the arrow hits the target, a third one is detectable (Z) 
(a) (b)
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2.2. Experimental protocol 
Seven highly skilled archers (two males and five females) from the German Junior- and National Team 
participated in this study (age: 24.3 ± 7.1 years). Each archer performed 30 shots (ten ends of three arrows 
without any time limit) at 18m standard distance indoors using his or her own bow. They were told to aim 
for a maximal score. A FITA (Federation Internationale de Tir a l’Arc) target face for competitions 
(40cm, 3 spot vertical) was used. Each of the spots is divided equally into ten concentric zones, so that the 
arrows score from 10 to 1 from the center to the periphery. To precise the shooting results, the score of 
each shot was noted with a tenth of a zone setting the absolute center of the target to 11 points. The 
archers’ mean scores were then computed.  
From the critical time events of the raw audio signal, the following four variables were calculated for 
each archer (see Fig. 3b): the means and coefficients of variation (CV; defined as the ratio of the standard 
deviation to the mean) from the clicker time and the arrow velocity. The clicker time is defined as the 
time between clicker’s fall and shot (Y-X). The arrow velocity is calculated by the time between shot and 
hit of the target (Z-Y) subtracting the time period of sound propagation from target hit (s = 18m; c = 
343m/s; ș = 20°C). The CV as a measure of dispersion is used because the standard deviation of the data 
has to be understood in the context of the mean of the clicker times. 
Forward stepwise multiple linear regression analysis was done to identify factors influencing the mean 
score. 
3. Results 
Table 1 shows the results for all archers. The result of the forward stepwise multiple linear regression 
analysis showed that out of the studied characteristics, the CV of the clicker times accounted for 66% of 
the variability in scoring (corrected R² = 0.66; standard error = 0.16; F = 12.78; p = 0.02). Archers with a 
higher mean score tend to have smaller CVs for the clicker times indicating a higher reproducibility of the 
motor program with respect to the timing process. 
Table 1. Means and CVs of score (sd: standard deviation), clicker times and arrow velocities 
rank mean   
score (±sd)   
mean   
clicker times 
[ms] 
CV   
clicker times   
mean   
arrow velocities 
[m/s] 
CV   
arrow velocities  
1 10.13 (0.57) 175.96 3.98 193.87 0.42 
2 10.08 (0.51) 171.49 3.94 211.39 0.23 
3 10.01 (0.55) 172.93 4.93 204.26 0.32 
4 9.85 (0.49) 144.40 5.58 230.72 0.29 
5 9.65 (0.69) 165.30 5.28 208.42 0.36 
6 9.58 (0.71) 156.45 7.25 186.06 0.29 
7 9.42 (0.97) 169.20 6.18 196.44 0.58 
 
4. Discussion 
A general interpretation of the results in the context of performance analysis is problematic due to the 
small sample size which is a common problem in the analysis of highly skilled athletes. Thus one more 
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archer with unfavorable values can change the predictability dramatically. To get information about the 
influence of one more or less subject and to verify at least the negative correlation coefficients between 
mean score and CV of clicker time a “leave-one-out” cross validation procedure was done: The forward 
stepwise multiple linear regression analysis was computed seven times using six out of the seven archers, 
i.e. the first analysis was computed leaving out the archer with rank number one, the second analysis was 
computed leaving out the archer with the rank number two and so on. The results of all seven regression 
analyses showed that only the CV of the clicker times had an influence on the mean score. All corrected 
R2 were in a range of 0.66 up to 0.75 with negative correlation coefficients (all p<0.03). Thus it can be 
concluded that the negative correlation coefficients are not casual and that there is a relationship between 
the dispersion of clicker times and the mean scores in recurve archery shooting at 18m indoor.  
Neither the mean clicker times nor the arrow velocity values (means and CVs) could explain variations 
in mean score. Comparing the observed mean values of the clicker time with clicker reaction time (CRT) 
values of Ertan and colleagues [8] and Edelmann-Nusser [11] it can be assumed that normative values for 
the time period between the clicker’s fall and the release of the shot in highly skilled archers range 
between 140 and 180 milliseconds, but means of clicker time are not sufficient to explain the performance 
within elite level groups. As expected the means of arrow velocity vary as a consequence of individual 
bow construction (limb weights and lengths). CVs of arrow velocity do not explain variations in mean 
scores. It is suggested that other aspects of movement coordination are more reflected in those CVs (i.e. 
the movement of the bow hand holding the bow or the finger movements during the release of the string 
from the string hand [12]), whereas the CVs of the clicker time are mainly dedicated to the breakdown of 
the static balance of forces between the external tension and his/her muscular forces. These findings 
support the classification of the motor program as open-loop [9] and leads to the conclusion that shooting 
is already initiated by the archer before the click without having the opportunity to adjust the movement 
of the release based on response-produced feedback.  
From a technical point of view, the acoustic measurement system uses standard technical components 
that are commercially available and is easy to use. The system is contactless, highly precise and 
configured quickly. The results are available immediately after a standard round of training. The values of 
the observed clicker times are very similar to the values observed by accelerometer-based measurements 
[11] and also comparable to the values of the archery chronometer by Ertan and colleagues [8] defining 
CRT as the time between clicker’s fall and sensing the metal tip point of the arrow shortly after the arrow 
is pushed forward by the bow string. The high temporal sensitiveness of the system allows dispersion 
measurements even if the time period of the task is very small.  
Hence clicker time measurements are useful for an individual performance diagnosis. To assure 
reproducibility of the present findings with respect to other distances (30 up to 90m) and outdoor 
conditions further research is necessary. 
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